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Ah\tracl-Sludier n c r r  ro~ lduc l rd  on tumponrnl*  01' r r ~ i ~ l a n c c  I,, *orphurn lmidgc on IOUT 
re~ is lan l  (1).i 6514. AF 28. I ' h M  2.566 and IS 151071 and 1wo wrccpl ib l r  ~ ( ' S l l  I ;~nd  S!$arnrl 
cull i\ars. Short f loral p;lrl,, faster rate 11I'grain d c ~ r l o p m m l  and high lanntn ~ o n l c ~ i l  01'prdin 
were apparently a\uwiatcd with rerislancc 10 rl!rghllm ~nidpe, ('onlorrntn ~~,rylz~rr , lu  ('"~1. 
(icnolgpir and phrnolypir ~ ~ r r r l i l t i o n *  l ~ ~ l w e r n  the f~c111rs il\\oci.~Icd wlll! r e \ i j l i l n~e  III 
surghum midpc were in the sanic direclion ipo\ili!c o r  nepali\ci a\ their arr~,cI;~llu~i u i l h  
re\i\l;rnre to th i*  inwr l .  (;lunle p l ,  lemma I!, anlhrr  and iudirule Ienplh. ralc of prdin 
dcvciup~nenl huwd  un  dry r e i p h l  i c l r cp t  o\ ip t~* i l ion l .  and lannln ca~nlenl uf  ~ i ~ a l a r ~  p n i n  
showed ~ ( ~ r r e l a l i u n  a d p;dlh c ~ , f i c i c n l s  i d i r r r l  rfTccfr1 it1 I h r  w m c  direclion. I hr*r  rh;~r:atlrr\ 
can srrvr  a\ a u*ul'ul r r i ter in I s  *ulrct for rerlstallrr 10 \ a r ~ h u l l ~  lsidpr. 
I ls ing D' and c;lnnnirdl clu\ler analjsis. .\I. 18 wa* found l o  Ibc t l i ~ l i nc l  f r m ~ i  o l l i r r  \ourn.* 
111 midge rc*i*luncr. Houu\cr ,  hnrcd un lar+ar:llMl flurclr. 0.1 6511 ws* ialw placed di \ lunl l \  
l r um 'l'h\l 2566 and I S  151117. I l incd ,811 number*. aduII\ emrrprd and preln duln;lpr. 
DJ 6514 we* grouprd wi lh 'TAM 2566 and IS 15107. Suwuplihle h!bl.id chuck. ('hH I wtl* 
genrrall) placrd di\L;lnll) f r o n ~  lhe *elf puil inatrd \u\ceplihle \aricl). 9wrroil. Thrw re\ullr 
indicate that 1I1e uburce* o f  r r \ i * lanrr  I,, surghun~ ~nlidpr :are di\cl'*c, .4nd Ihrr t ,  i* ;I di \ l inc l  
p,\sibilitj o f  i nc r r~3 inp  fhc lebel, and di\crsily of rc*i*I;lncr to Ih i \  ~n \ r c t .  
KCwmi-Analyrr dr, cumpossnlr~ d r \  I '~ctrurr qui in l lurncrnt  la rc*8*lenrr II Ir < r r i r l onya  
d u  rorghu ('onlan'nio surgh,rolo ('oq. : D o  elude* on1 r l c  rflcrlur.cr rur Ir* ronlpu*anIe* dc 
la resi\lancr a la ck idt ,mj ic  du rurallo purlunf *or yuatre rulli,ar\ rl%irl i l l i tr II).I 6514. \ b  
28. ' T A M  2566 e l  IS 151071 el dcu t  ru l l l r a r \  ,rn,ihlcc (('511 I e l  Sn;$rn;li. Ilur parlie, nor.llt,\ 
cuurtcs, un  dcvehvppcmcnl plu\ rnpide dc* eraillu*. ain\i q ~ l ' a n r  lcncur clt,$rr en lao in dc 
Is  yraine Pls i rn l  upparctrl lt lml a\vlcir* nvuc la rr*i\ lancr ;I 1;1 rbridunt,vir da n,rghu l b n f r r m ~ o  
ror~hicolo Vnq. Dm cnrrelalions ernot)piqur> r! phmot)pique* rn ln .  I r*  f.~ctrl lr* a * *n r i r \  
aver la rbsistance a III c6cidomyie avr i rnt  I;, minic orirnlaliun tpo*ifivc 1111 ~iceali\t. l quc l r u r  
a\ rwiuf iun a>ec la rCsistance a eel inaccle. 1.a p l u ~ i l r  q l .  I;! glumrllc inlrri6,orr 12, la laingueur 
de I'anlherr el de la Ih,diculr. Ir dr\rloppctrwnl dr lu  qrs inr  pilr r a p p w l  ;la pa~irl* *re I*sul 
Donle), e l  la l m r u r  en tanin de la eraine mure unl  nionlre un r  rorrrl:llion vl d r r  pdlh. 
L 'ut i l i ra f io t~ de I)' el I 'analjrc en grappes ranunique d permi* d r  rnr l l rc  rrl c ~ ~ ~ l e s c r  q l l r  
A F  28 ctail d i ~ l l n t l  de\ aulre, \ t#urrr$ d r  rr\islante J le eeridam)ic. ( 'eprn~lunt. par rappor l  
au nombre dr IarvesilM fl~~rels. [).I 6514 4tail egalemmt Pl11ipn4 de T A W  2566 el IS 15107. 
Par rappurl aux namhrc+ d'oeufs, noinhre d'adullca PmcrgCs, ct endommngemenl des graines, 
I)J 6514 elail proupe abet I'AM 2566 el I S  15107. 1.e tcmoin hybride sensible. USH I #ail 
~en6rdlemml r l ~~ ipnc  de Is varietl sensible autogamc, Swarna. Ces resultalr indiqurnt que 
le, sI,urcc\ de rl\i\tance a la rtcidomyie $on1 diverses, el qu'il exisle une prrrsibilit6 dislinrle 
d'ameliorulion dr\ ni%eaux el dc la divcr\ite de la r4ristance n eel invxtr.  
S~~rg l lu ln  ~ n ~ d g c .  ('irtrrrrrr~r~o .r~~rq/~ri i , iu Coq.. I\ 
.I rlcitructlvc Inn%t [ie\l (if gr;tlll \t~rpllurll So i ,y t l~n~ 
hrr.olor I!>.) Muench, In many p ~ r t \  ot the world 
t I l ; ~ r r~ \ .  IY7h1, ;rr~d ~ebi\tant cultivsr, all. an 
~ n ~ p ~ r t ; r ~ i t  t l i en \  o f  n l ~ n r ~ n i ~ ~ r i g  1111tlgr d~tl i i igc LO 
\orgh!l~rr (S11:1nii;!. 11)X5a, h). l'lierr ;arc a nonihcr 
III conl l ict~ng report\ ;rhoot the llaturc and 
~ i i ~ ~ c h ; t n i \ ~ i ~ \  n l  rc\lstance tu \orghum nr~dge. 
Shnrt ~IUIIIC\ (Ba l l  2nd Ha\l ing>. 1912). 
clclslog;lnr<i~~\ gluinc ch~i r i r ie r  (long glumci) 
l H n u ( l z ~ ~  2nd Ncvr. 105.3) ;~i id nature o f  glun~e 
co l l l ~ l i ~ i g  ((:;erring. 1053: Bcrgqul\t ct al.. 1974: 
Ku\\clt<i rt al.. 10751 11;rve hecii ~eporled to k 
;~~\ocr ,~ t r t l  u l i h  1111dgc rr\r\t,~ricc H<~ue\cr .  Mutiy 
;III~ Suhmtnan~atn 11Y7Xl rcported tliilt glun~e 
I c i ~ g ~ l ~ ,  rachi\ I c ~ ~ g t l ~ ,  and tlir presence (11 awns 
were not : l \wc~alrd w ~ t h  ~nldge re*i\tanre 
Rrhisiancc tu rorghuiu tn~dgc ;ippc;tr* to he ,I 
co~riplcx ~h;iraclerl\lrc ;rnd depend5 011 thc !l~leqil;~y 
111' s n o n ~ k r  111 co~nponcntal ~.h, i~acteri i l~c\ iuch 
;I, *tilirt 1lor;rl panr. 1nrl1;11 f;r\r~.r 1 3 1 ~  t gxiili 
drvcl~ip~ncnt. arid tanlllri conlc~i l  ol' gialn. %hlch 
Irn;rlly \IIIII up rhc c r p r e s \ ~ ( i ~ ~  o l  rc\l\t.lncr to thi\ 
111wct ISh~rr i i~ r  et ill,, IOYOh). 111 order 111 1iht;i111 
a cle;~r plcllrrc 111 the cnnlrihu~ion 01 componeotal 
~lr;~racten. it I\ Ilrcc\r,lry to \ t l~dy lheri ~or rc la t io r~ 
and cnu\,it~(i~r to pro\idc a rcalr\t~< ha\ir for 
.~l loc.~t~on ( i f  wciplit;~pc to eilch o f  the f;stor\. lr 
I\ uscful in decldlng 11po11 a \ilit,~hle selcctii~n 
criicrl,~ In gcrlcrlc lriiprovcnlcnt of ii~rghurri for 
inrect resl\tiincc  omo or^ el sl.. IYXJ). Thh  can 
k nhta~ttrd t11rr111ph path ;lilaly..i\ (1.1. 1056). In  
an In?rci rc?i\t,l~lcc breeding progr~~tiilne. 11is ~ l \ o  
r~i i l i~ir tant 10 Illoh tor gcncttc d~vc r \~ t y  tu Improve 
thc Itvels 01 resistance. The \ourcc\ o l  re\i.;t;c~ii,c 
to wrghurn tn~dge drffer In ihclr re\lbtdnce le\elb 
and i~ iuq ih~ i log~cal  tr;~rt<, arid C;II I*. pl.iced In 
diffrrent group\ based on pr1ncip:rl component 
an;ilys~s (Shtirma ct al.. 1988). Multrv;~ri;~tc 
statlctrcal tcchrllque* \uch as Mah;tlnnoh~* D' 
stati\tic ;~nd canonlc;ll v;!riale analysis arc 
con\idered u\cful to measure gcnrtic diver\ny 
(Rao. 1952: Omori el al.. 1988). The prcjmt atu~ly 
cxaminc* the direct ;rnd indirect effect? of 
cli~nponcntal characlcrs on exprer\lon nfresl\tance 
lo  9nrghutn tnldge, and rdent~t) diver?? Pourcer 
nfre\i\t;~nrc for ~rnprwing the level\ and divcrjrty 
o f  rerrt.iiicc tu this In\ect. 
MATERIALS AND bIE'l'IiODS 
The \tudie\ wcrc conducted on four res~\lanr 
DJ 6914 (Shyan~~undcr et ,11.. 1975), T A M  2566 
(Jr~l l~lron el el.  1973). iZF 28 iRorsetto el nl.. 
1075). IS 15107 (Sharnla. IVXSb) and two 
\utceptihlc (C'SH 1 and Sw;irn;~) cultivar\ over 
lour reason5 ft.orn IYX? to 1984, rlre cultrv;lr\ 
uerc pl;inted In a x l l ~ d o r n ~ ~ e d  con~plcte block 
design with three rr[iltcatlonr Each plut was I ?  
n~ ' .  and contained four ridges. 4 rn long and 7 5  
cnl .ip;irt. 7'11~ plant\ were thlllncd to I 0  err1 
5p;rlllg witli~rr the row. 15 day* after clncrgcnce 
Nunni~ l  ;~gronomic practice* werc followctl for 
ral\rilg t l ~e  ciop. 
The r~ulrlhcr of egg'. larvae and ;idultr &,?re 
recordetl 111 SIX cultibnrs ovcr four seasoti\ h) 
~~rt i f ic inl ly ilrt'e\tir~g the snrgliu~ii panicle\ at the 
top-anthe\i\ htage wdcr  hendcngc described c,lrl!er 
h) Shenriu el '11. t 1Y90h1. 
.I lie lengtlr of glum?\ (&!I ;and $1. lemmas 111 
,~nd I!). palea. 3rylc and stigma. ;lrrd the length 
and hrr,adlh of the lod~cule. arlther i~nd ovary were 
rec~rr(lctl on 10 ri~tidninly helcctcd Iloret\: from the 
n ~ l d  portion o f  thrce p;~nlclea of each genotype ot 
;mthe\i\ u\ing a hinoculi~r nricroacope, htted with 
an ocular rnrcrurrle!er. 
The rate of grain development was menhured 
ill tenns of grain width (GI ) .  fresh weigh1 iG!). 
('on?ponc!~~< 01 rc\~jr:tncc 10 wrght i !~~ r111<1xr XYI 
and dry u'e~ght (6.3). Kn~tdotn ra~r ip l r \  o t  3iWI 
gra~nh from the ~ n ~ ~ d - p n n ~ r t n  111 hree pan~clc? o f  
each cult~var were t;tken un . t l l r r~~ate d a y  hetwcen 
anthesis ;in* 15 (lay, alter aiithe\l\ to record I tc\h 
we~ght and dry rre~pht ot Ih r  grain. Fr,iin\ were 
given-dr~ed at XO' C to a <un\talrl we~phr (irarn 
w ~ d t h  \va\ illcarurcd w ~ t h  a ipec~ir l ly cIe\igncd 
graln-we lnirtcr i h a .  I1 on sl1crn;ilc tI.i).\ Iwtween 
nnthe\~\ ;tnd 15 diiy* dlter al i the\~\,  The rate ol  
gra111 develop~r~enl herween thc 3rd and 7111 dd) 
atter anthe\ir \bowed rn;txi~nu~n a \ ~ o c ~ a t ~ n n  w ~ t h  
m~dge rr.;tst;rnce (Sh.lnr~a cr al., IOOOh). :lnd 11 u a \  
used in LIU\ICI nlid path 6oeftlclcnt ;inal)\l\. 
Tu imi~ i  coi~rcrir (if groin 
Thc t u ~ r n ~ n  conteat n t  ;I IO-day-uld ,irld rrl,inire 
grain wa, determined by thc nl~.lltud ol  h le r r~ l i  el  
al. (19781. Tlre gralrl sdmple\ u r r e  collcclcd Ironi 
three panlc1e.r of each cultlvar 10 d;cy* ,cfler 
antlle\i\ a ~ t d  at rr~~ttur i ty.  I'hc rdlliple\ wele t.then 
f r o l l ~  the tnld.portlnn of three p:tn~cle\ \ c l c c t i ~ l  .it 
r~ I Id0m.  and hroofht to Ihu lab>ratory. The gralnr 
wcrc ovc~t -d~ led  '11 XO"C hclorc a n ; ~ l ) \ ~ \  
Thc d,it;r were {uhlected to c a n t i n ~ c ~ ~ l  (K,tu, 
1052) and path cor f l i c~rn t  incue). and 1.u. 1959) 
andly\~\ Stir egg5 and len'.~cil(Hl I l t~ rc l \ ,  gralll 
darn;~fr ('A I dnd adult rnlerpenct In ;in ~tltcnlpt 
l o  ~ d e n t ~ t y  \ourceh u ~ t h  d~bcr* r  n icch , i~~~r t i i \  nf  
rc*l*toncc, dlid to ulider\tand the d ~ r r ~ t  aml ~r~clircct 
r'ontr~hutlon u f  \arlou\ I a ~ l o r \  a \ \ ~ ~ l d t r J  ~ i t h  
lrtidge resl\tanrt.. 
N u ~ t l l v r  of eggail00 Ilorrth ucrc i ign~f~cant ly  
h~gher In the *orghuri~ ~irlclpe \u \c rp t~h l r  cultlv;~r\. 
CSI I  I d i d  Swarna. 1h;tn In Ihc IIII~~L' re\~\tatlt 
fu1(11ypr* AT: 18. TAM 2566, DJ 6514 mi IS 
15107 I I ' i~hlc I ). T11c ~ l o l r t k r  ot I3rvd~/IOIl  Ilurcth 
u,cre lowc\r 111 Ai- ?X l u l l i ~ u r d  hy DJ 6514. I Ah1 
2566 ;and IS 15107. Fewrl  adult5 emrrgcd in  thr 
~lr~dge-re\t\tant cult~\,nr\ I~.III II tlic \u\ceprlhle 
cheek\, CSH 1 ,lnd Swartla. (ir;tln d,rrn;~gc wa\ 
lea\t 111 DJ 6511. cl t~\cly Sollowr(l h) [ A M  25h6. 
A F  28 and IS 15107 Ke\l\t;tncr to r ~ v g h r ~ l i i  
I I I I~F~ w a ~  ah\oc~i~led u ~ l h  \ l~urt  floral liat.th, ta\ter 
r;ttc o f  gra111 ~Icvelopment, and h ~ g h  tannin ciintcnt 
<i f  the gram (rxcept In [)J 65141 (Sharnia el  al . 
IYYOhl 
Tahle I Ov~po\~llnn. l;!n',~ nurnhcrr. adult enlrlgent~z, r~nd praln 1l.311l.1gc ill r l \  su1gh11111 colr~v;~r\ uniicr no i h o ~ c v  
co~rdition\ o i r r  fir~ir rcd\on! at lCKlSAT Center 
No 01 No ho  01 M~dpc 
cggsi la rv~c i  ad~iltq datn,~ge 
I(H) 100 elnrrpcdi t ' i  ~h;l I ly 
Cull~vilr florel\ Ilurcl\ pan~clc florel\j 
I)J 6511 17 (h)" X ( 2 1 "  IS i l l "  IS l!!ih 
AF 28  21 (41 h 17) 24 141 11 114) 
TAM 2566 37 151 41 ih) 31 161 10 (31) 
IS 17107 iX 101 5U (71 71 IHJ 19 t i # )  
H I S 153 1121 142 (12) 404 1\91 PI ( 0 5 )  
Swarna (S) 141 1111 127 (111 !IR ( 1 x 1  H i  (66) 
b L (0 '71 ( 3  21 ( 1  21 (4 I )  
LSD 2.5 3.3 111 3) 
CV (%#I i27.b) 114 6 )  124 21 12IiUl 
~~ ~- 
Flyurc, in parerlrheaca are, a = quare roirl Iren\lonnud bnlucs and h = :~rc\~ni'h IrdniSunned value\. 5 = ~u~ccpl lhlc 
chuck 
Tabla 2 (lenulyp\i alil phenolyp!i it,rrclullun\ lslucca Ilurdl jr,\n! rrlc ul g t . ~ ! ~  dl"cl~~pn?fl~c .\"GI ,IIIII#I~ ioolc111 01 sriiln 
~n \ ~ x  \~ l rghu~a ~ u t l l v a r r  
(ioi<rtyp!r corrclariont 
Grim dc\clopo~int I.tnnlnr T.mnln\ 
1 rdll Glumr Gluil,c Lrmm.~ I.em~~l:t Lodliillc A!,llirr 17ilc,i i'lc I !'.t I 
I ~2 I. 1 1  I 12 I I. I I (;I (;? rrl ~III-,I,C! ~ , , I w c ~  ~I,,II, 
old pminl grain) r,lcloi 
Allllrcr L 11 Y3" 11 XO*' It X?" 11 78" 0 72" I M 0 7V1' -0 11Is1 ll Ol*' l l i ' )* U4h' il.2'1 (1 Uh 
i i l  4 h l *  I I 5 5 151* I I I 1 1 1 2  i lVI*+ i t  59.. 11.5.l"-liS(l 
(j2 -1154,' -!15X'* 048' 1116'. 1l77'- 052" -11 1'1 1171'* l Ill 004'. 0 11,. IIVV" 0 XI 
0 I 1 5 X  0 1 . 4  I 0 7  I I I 11 5 i *  I1 hS" I1 62" I IN! I 1LI I1 XU'. I1 5 0  
l 'ann~n* 10- 1146'' 0.17' 11.77 il lh .Ilh:L. -03V -OW' OJI* II4hl ! lU5" liXl i I ~ I I ' ~ - l I ? ~  
dry-old g n ~ n  
l'he genotyptc and phenotypic correl;~lions 
k twccn  the Ilnc;~r tiici~~urerncnts ot d ~ f f c r c ~ ~ t  
t1or;rl par!! (glurnr, lemma. palea. lod~cule, rrtd 
anther Icngth) werc !~gn~l'lcalit and po!tttrr 
l'l'ahle 2).  The correlollun cnel'ficlcnt Ip,llrern 
berwcen t hcx  pantmeter\ wa* in the \illlie directlor1 
a! thur ;~rsoc~at~rin w ~ t h  curceptthil~ly lo  .;(~rghuni 
n11df.e. R31v o f  grill11 dcvrlnpmrnl (helwcen 3rd 
and 7th day after alilhes~!) !housccl s~gti t f~canl dnd 
negative sh*~lcialion h i l h  linear p;lramelcr! of 
tloral panr Rate of gram develop me ti^ h;15cd on 
w d l h  was po<~tively correlated wtth rare o f  grain 
derslupmenl based on fresh and dry ueight. 
Tannln content u f  IO-day-old atid mature graln 
~howed  negative, hut relatively lower currelatlon 
coeflicients with floral pilns, hut signil'icatll and 
positive srsocintion w ~ t h  the rnte o f  grain 
development. 
OI~I~I~!III~JII. ~ lmo l t g  the dtl'l'ere~it l l i~ ra l  pitrt!. 
plorne g?, I r r ~ i m ~ l  I? ;lnrl ,~rtlher Icngtli. \howrd 
hrect pu!~t~vc rttectr on cpga/l(H) I l~r rc f \  ITdhle 
1). The po\ltl\'e .t\roclJrlon ot ~tther Iloral pan5 
u l t h  ( r r~pu \ i t ~o~ t  ua, 1hr11uglt glulttc p?. lenim,! 
I? atid ;tnlher IcnglI~. narc\ ot pr;llli dcreloprnrnt 
((;I, C;? ;and G1) \homed pu.i~t~vc dlreit cltecl\ 
on ov~pustt~on, fhc t r  nrgatlbr as*rlcl,tttrln wtth 
o r t p o ~ t l ~ o ~ i  ua! lergely l h r~~ug l i  gluti~e g?. Irrnlna 
I? kind the tannln ctmtt.111 crf niature gr'rin. The 
dlrecl ettecl, a t~d i ~o r r c l a l~o~ i  c ~ e t l i c r n h  were 
ricgatlvc tor tdnnln ~onte111 of prate. Glumc g!. 
lerirrna I?, anther length and tannkn c<intenl of 
gram ~l1011ed currela11~111 and d~rcct etfcct* 111 Ihe 
+ame d~recuun. and rhu\ !ccm to lntluence the 
extent o f  ovtposltlnn In diflrren! cultlv;lr\. 
1.urr.0,~. Dlrect eftrcts ot plume p?. lelnma I?. 
lodicule lengll~, and palea lcngth were p<r\tt~vc. .Is

C t ~ r r ) l i < i n c n l \  UI I C U \ I ~ ~ E P  1" !clrph11111 ~ n i i d ~ r  X Y I  
i l l  U J l  i l i K l l  -11 111 111; l l 2 l l  
( 1 0 1  O M  I I i H l l  I l l 1  O i l l  - 1 l I h  
0111 11.111 I l i K I l  l l ? l  1 1 2 8  -1140 
X Y 1  I1 C. SHARMA el al 
Lihle r 1)irerl and ,nillrcr~ lpillh ioell~c~misi r l l r ~ l \  ,,I I2 1rn115 on ah11 rrnrrgrnir IO  rorphu~rl LUIIIIJI~ 
-0 01 
-0 03 
-0 02 
1101 
-0 I W  
-0 O? 
.O 03 
0 ii 1 
11 (11 
ll lih 
0 I 6  
0 05 
were tllrlr ~~o r re l : ~ l~o~ i r  with the number o f  larvael 
IIH) l'lnrcl* (Tnhlc 1) I 'hc ~nd~rect  CfecI\ ot Ihe 
111hcr floral patarnrlcrs rhr1111gt1 rhcw tralti wsrc 
ala~r IIUV~VC. The direr.[ e f t c ~ t r  ot glu~i ic 81. 
Ic rnn l~  I 1 d110 anther lcngtl~ were nrpatlve. altl~~>ugli 
[heir e~~rrc la l~ons will1 r~i l i lgr Ial.\i~e \*ere poa~t~\e .  
D l~cc t  ellccts 11f rilte5 ul' Friiln dcvelopmcnt ( G I  
and G2l. ;lnd titnlllll C ~ I I ~ ~ I ~ I  US graln ucre ol' lower 
~iiagnlttde. 
Adr111 rn1rti.crlc.c Adult ernrrgcncr retlerle~l 
rhc totrl pcrlutjplc r lkcr, (111 ov~posirion and 
\ u l v~%a l  of the \orphum rnldgv ~n d~ifercnt 
grnolypo. ( i lu~nc g l   rid p?, lemma I?. lodlcule 
:md anthcr Icnpth cnntr~hured directly towards 
gfllotyplc ru.;cept~h~llt) to wrghum mldpe ('rdhle 
5 ) .  111dlre~l eticctr thr~iuph thcm were al\o pu\ltlve 
lor other flor.11 p.tns The ind~rcct cftect.: ol' 
d~fferem tlor;~l port\ wcrc neponve rhroupli the 
rAle5 of grain d c v c l ~ ~ p n i s ~ ~ l  (il and (i?, hut of 
lower ~ndpti~tude ;~nd positive through G 3  D~rect 
elfcct* o l  G I  and (i! on adoh enlcrpcnce were 
parit~vc. and that u f  G3 negative. Tannin cnttlent 
of nl;llurc gralll \bowed nepauve corrclat~onr and 
d~rcr r  cltecl\. 
GI~II)? t/am(~fie (ilulne g?. lemma I2 ,ind 
lodicule length \howrd posltlbe direct effects. as 
also the indlrecr conlr~butlon for 11ther tloral ~IIRP 
for ru\ccpt~h~li ty lo  wrghum l n l d ~ c  (Table 6 ) .  
Grnwlh rate Ci?  and rarlr~in contcnt u l  gram 
5howed negalivu d~ rcc t  etfccts as well 3, 
c ~ r r e l ~ ~ ~ i o n r  w ~ t h  rr~idgc dalrlape. 
L F  ~l,l<l (<,ll,,tll~~i/ i /rd.llet , l t l ~ l \ ~ r . ~ .  ,ik 28 war 
rcpaluled from DJ 6.5 14. I'AM 2.566 and IS  15 107 
for the pararnetcrs mca\urlng re<latancc to rorghum 
n~ldpc (l'ahle 7 ) .  Mldge \uaccpt~hlr variety, Suar11.1 
w i ~ \  a lw  found l a  k dl\tlncl Srnllt m~dpe  rerlslan! 
cult~\,ar\ atid the au\ceprlble hyhrid, CSH 1 L)J 
hSI4 u'as placcd eparately in groups harrd un 
lar\ae/I(H) fhrretj. Hnsed on ovi[~uslllon. the rnldge 
resl\ta111 and \uacep!~hle cultlvari were p l ~ c r d  in 
sep;~rate group\ 'I'he ruccesr of' ovipos~t~on iervcs 
;I* 3 good rrltcrlon to ~dent~fy  d~vcr.;e pellutyper. 
Adult cntergellce also placed [he genotypes In 
lhree groops: DJ hS13. TAM 2566 and CSH I: 
A t  ? X  artd I S  15107 and Swarnn. Thus, the 
rourcc, nl' rehlatanre to sorghum m~dge lyave 
dlvrrae effcct.; on ovlp)?~ttol l .  ~~ife\t;ltlon, and 
adult enrerpcnce. ~ano11lr.al clubterh bdaed on 
d~ifcrcnt parnmcterr arc rhown In  F I ~ .  2. DJ hS14 
and TAM 2566 were pcnerally grouptd tugether 
(cxcept the gruupr baaed on number uf larvae/100 
tlurets). AF 28 and Swar~la were ge~lerally placed 
d~~r;mtly from othcr gcnolype\. 
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'Table 7 L): cluster ansl),i* nf uull ivarr baaed up011 four depl l i lent  and 14 rndcpcnrlunl *an.tblc, 
~- - - ~ 
[)-Dl\tance\ 
Dependent 
var~shle Clusters A R C 
---- ~. - -  - .  
Chal'l'y A DJ hS 14, '1 .AM 2566 S X  7 I .7 
florets IS 15107, TSH I 
i l i )  Saarna 
R Al.  ?X 
- ~- 
0 !I 
-- .~ 
No o f  A L)J 6514. TAM 2566 38 7 YS 5 104 4 
cggsilUU I S  121(17 
florets 
B ('SII I. Sualnr  18 9 IOU I 
C AF ZK 0 0  
~ - 
h o  o i  A DJ 6514. TAM 2566 7 6  I 1x7 h 
lawaei  1s 15107. CSH I 
IIXI l loretr Swarna 
U 
- -~ 
A F  28 
- - 
No of A Dl 6514. TAM ?Shh S7.( !I! [) 
adults TSH I 
emerged1 
pdnicle B AF 28. IS  151117 IOU4 
C Swnrna 
KYh H C .  SIIAKMA ct a1 
t l b  
$0 0 50 100 IS0 
Eggs 100 florets 
16 
Larrac I W florctr 
Ker~*t i~ncc tu wrphum 1111dgc n ~ a ~ n l y  co i~ \ l * l *  
of culuvar nunprel'crr~ice t i >  adullh, reduced 
uvipoailion, andk~r an l tb~or~\  IShar111,i. 19X5b). 
Cilltivar n~mpretercnce I\ an tmponsnt compunent 
ut re>t\l,lnce 10 ~orgl l i lm mldgr (Wl\cmnn and 
M c M t l l ~ a i l .  IOhX: Sharnti! e l  881.. I9XX). 
Nonprelerence to itdult5 break\ duun III the 
isb~encc u f  a favuun~hlc ho\t (H~rrih. IOhl: I'a\rlou. 
1965: Sli.trma el ill.. 1990a). Flurnl inotphology 
(FIK and coupl~~ig; Ball and Ha*t~ngr. 1912. 
Geering. 1953: Rcrgqu14t rt ,~l.. 1974: Ku\\etto el 
31.. 1975) and tannin cuntrnt o l  gritln (S.intos Jnll 
Carma. 1971: Sharma cl al .  IY9lla) play an 
1mpnrt;tnr role In genot)plc rcrl\t,lncc tu wrghunt 
rn~dgc. Succc\\ 111 ov~ l~oa~ l i on  t  a large exlrnr 
detcmiilic'\ the dilteret~ce\ 111 geniltyp~c rerl\t;mcc 
111 5orghurn midge (Shornin r t  nl.. IC)')Oh), ll11\ 
\?ern\ to he b) tar the most imponant compunenr 
o l  recirt,tnce. Apparently, rrduccd ovlpu\ltlon I\ 
a\\o~iuted filth \hofl lloral p,tn\. h ~ g l ~  rate\ o f  
pri~in dcvrloprnrnt and h~ghrr  tannm Luntent of 
gralil (except In DJ 6514) I . ~ n a l  nio~lal i ty dunnp 
devclopmeltr In \ome penutypc* *uggt.*t\ antlhlov\ 
to be d rnrcha~it*m ol remtancc. Smnller \Ire o l  
glurnr* III relat111n to that o f  erain and the f.~*ter 
rate 01 gram develupmunt. tn;ty rcwlr In Icrwr 
\pact he1wt.cn thr plutnr\ and the praln and ~ni lke 
it :I I imlt~ng factor for hurv~val and drrelnpmelll 
of the larvt~r. T l ~ c  tttnntn content uf g r i n  ma) acl 
;i\ an .intlfcedanr ur a~lr lblot~c to the dcvelnp~ng 
larvae (Ro~\c !h~.  1985) John\on 119771 rcl,ortrd 
that sorghutll line\ wtlh III~~C\I l e ~ e l  111 mldpr 
resistance lt.~ve a te\t;l, and wch 1111c.r 11:1ve ;I hlfh 
rannln co~itcnt iKofcl~d et al . 10x21 
The grrlotyplc and pllcnotyp~c cnrreianon 
coeffic~ents hetween the factor\ ar\I~cidlcd \$ l l l~  
resi*lance 1,) \orghum midge sere in the ,;lmr 
direction a\ thetr association ~ 1 1 h  rcrl\tJnce to 
sorghutn ni~dgc Floral par!, uerc \~gnil~c;tntly 
and p~ \ t t ~ !e l y  i~\auctated u ~ t h  e;~ch other, hut 
negatively wlth the rntc of gralll development and 
tannin conlcnt of grain. Rate ot gralll dcvelnpment 
and the tanntn content ot gram ucre pos~ti\ely 
a\\oc~ated. 'Thuh, mldge-resiht,~nt penrlt?pcc tend 
to have \Ilnrt floret\. a relar~\'ely f;i\ter rate of 
gretn develupmcnt, and h~gher tnnntn iontent. 
Correlat~on coefflr~cnts and path anal\\i? 
presented different plctures regnrd~og the ntajor 
callral Factors detenn~nlng the exprouon o l  
resiqtancc to sorghulii !midge. Etflclcl~r \election 
fur mtdpe rcslstance call be h&ed on gl~tt l l r  g?. 
le~nma I?. Ik~dlcult. length, anther length. rate of 
grain dcvelopmer~t h a d  on dry ke~ght. and 
Tannin cotitent o f  mature graln. Theic factor* 
showed correlalinn cwfttc~ents an11 direct efr'ccts 
(path cocffic~entrl in the utne dirccr~on, itnd thuh. 
c~~ntnhuted dlrectly tuuard5 rel\tance to \orghunl 
midge. The correlar~nn coeft~clcnr. and d~rect 
cflectr of plume GI .  lemrna 11, and p;tlea lenptl~. 
atid rate of graltl developmen1 ((;I ;and ti?) were 
111 oppo,itc d~rccr~on for most 111 the paramelen 
rncarurlng rehi\!ance tu \orghurn ~ n ~ d p c .  Thc~r  
po5it1\e or neyatlve a\soclatlon with au\ceptih~l~t) 
to forghum midge war through other tralla. Slrn~lar 
d~ffercncc\ in currelatron\ and direct effect9 lh;~ve 
hern reported tor tactor, .t\\oc~;~tud w ~ t h  re(t\titnce 
to \urghum \hoot fly (O i r~o r~  ct al.. 1'483). 
Af- ?X I\ dlct~nct froni other ~riidgc re\l\tont 
\ourre\. DJ 6514 I\ d~tterctlt frurr~ I A M  25hh atid 
I S  15107 In group\ b a d  011 liirval nulnherr. The 
two ,nrcrpl~hle check, werr placed In hclYar,ltc 
prnupa (ex'cpt t'or cgg\i100 tlorcti). Iherr 
d~tfcrmcea !nay yanly he due to I ~ y h r ~ d  vtgour 111 
CSH I ,  ~n ddd~tion lo  otllcr pcnettc d~tl trel lcc\ 
ht.fwern [hejc culltvar\. Thu\. tiiultivnrlalc aIIclIj\lS 
w;~' useful nut onl) for ~dcnufy~ng d~rer \c  \ource\. 
but alau tor d~ttercrl[lating hc tu ' r r~~  Ihcril klr  
rcslhtance to egg I;~y~ng. latv'tl number\ ;rnd s ~ ( l ~ l t *  
mmergrd Mulr~var~ate analyvs h.!s heell fr~ilnd lo  
be uacful for ~drnt l ly lng divcr\e \nurcc\ L I ~  
re\l\t'lncz to \hortl l ly (Olnurl el :!I . I')XXl. 2nd 
for c l a \ s~ t~ca t l on  o t  \c1rghu1it perlllplil\m 
(Chandrasekhar;tt,ih el ,tI . Il)hO). D' ;till! ~ c l l l l ~ l l l ~ ~ l l  
vdrtatc an;lly\c\ indtc.~ti.<l th;n thc hrro!ce\ 01 
rcsl\tnlice to \orghu~li n t~dpr  ,!re r l ~ \ r r \ c  Ulllarcllt 
ruurcc* of rr*lrtancz h.we ditterrnt i o n ~ h ~ n a ~ ~ o n \  
(IS I,ictur\ .ir\oi~;ired w ~ t h  re\l\tnncc, and there 15 
;I ~11\t1rli! 0\\1111l1ty of lncrr,t\ltlg 111c levels :!i~d 
d l ~ e r \ ~ t y  (it re\l\t;lncv to l l i ~ r  III\CC~. 
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